Abstract: Egg weight and dimensions of table eggs from Harco heavy breed layers in the humid tropics of Lagos, Nigeria were measured, and relationships between Egg Weight (EGGWT), Egg Length (EGGLT), Egg Width (EGGWD) and Egg Shape Index (SHPINDX) were studied. A total of 2951 eggs obtained from layers in five different age groups were sampled. Egg weight and egg width exhibited similar pattern in their distribution across the different age groups, with steady increase from age group A (22 -32 weeks), peaked at age group D (55 -65 weeks) before a decline afterwards. Egg length consistently increased with increasing age of hen, while shape index consistently decreased with increasing age of hen. Correlation between egg weight & egg length, egg width and shape index was 0.78, 0.84 and -0.07 respectively, while the correlation between egg length & egg width and shape index was 0.53 and -0.60 respectively, and between egg width and shape index was 0.37. The fitted model of the study was EGGWT = -124.72 + 1.65(EGGLT) + 1.32(EGGWD) + 0.43(SHPINDX). All coefficients obtained were significant (P<0.05), however, it was observed that egg length and egg width were better predictors of egg weight when compared to shape index. Analysis of variance revealed that effects of all factors studied (age group, egg length, egg width, shape index and egg length x egg width interaction) were highly significant (P<0.01) on egg weight except for shape index which was significant (P<0.05). Egg dimensions were good estimators of egg weight.
Introduction
Poultry breeding is generally acceptable to people all over the world and provides an excellent source o f protein especially for poor rural communities, because it requires little capital, labour and land. Poultry birds are good converters of feed into useable protein in meat and egg. The production cost per unit is low relative to other types of livestock and the return on investment is high, thus farmers need just a small amount of capital to start poultry. Also meat produced is very tender, so it is palatable and acceptability to consumer is high. Poultry has a short production cycle (i.e. pay back period) through which capital is not tied down over a long period. The egg of chicken is a biological structure intended by nature for reproduction and it also provides a complete diet for the developing embryo. However, in the developing countries, egg is more affordable by the common man than other sources of animal protein and as such this gives poultry more advantage over other livestock (Ojo, 2000; Okeke, 2000) . Egg weight is an important egg trait, which influence egg quality as well as grading (Farooq et al., 2001) . It is a parameter which could be determined about the egg without breaking the egg (Wilson and Suarez, 1993; Farooq et al., 2003) . The weight of an egg is a direct proportion of albumen, yolk and shell it contains and this varies significantly between strains of hen (Pandey et al., 1986) and the hens' age affects this proportion of This study was conducted at the Department of Zoology, yolk, albumen and shell produced, thus egg weight Lagos State University, Ojo-Lagos, Nigeria. The eggs increases with hens age, reaching a plateau by the end used in this study were obtained from a commercial of the laying cycle (Danilov, 2000) . Egg length is also referred to as the height of the egg. It is the longest portion observed on the external surface. The egg length is also referred to as the long border. Conversely, egg width is the shorter portion of the egg. The dense mass of egg (yolk) is situated at the center of the egg which is also responsible for the wideness of the width. The width of an egg is also referred as the breadth or the short border (Gunlu et al., 2003) . The relationship between egg weight, egg length and egg width was reported by Choprakarn et al. (1998) . The shape of birds' egg is a matter of natural convenience rather than aesthetic consideration and the overall shape of an egg should be smooth in order to assist in laying. Kimber (2005) investigated the height/width ratio o f birds' eggs, a proportion which is more a result o f function than artistic perfection, while Panda (1996) and Gunlu et al. (2003) defined egg shape index as the ratio of the short border relative to the long border. It is therefore the objective of this study to estimate the statistical measures of weight, length, width and shape index of egg, investigate the relationship between the variables, and fit a statistical model for predicting weight of an egg using egg dimensions. Experimental design: A total of one hundred trays of eggs were sampled. This comprises of twenty trays from each of the five distinct age groups. For ease o f comparison, the birds are classified into five nominal groups based on their ages (Table 1) . Each tray holds 30 eggs. Despite the intent for a balanced design, some eggs were eliminated from the study due to their physical state (broken or cracked), thus, a total of 2,951 eggs were eventually used in the analyses.
Materials and Methods

Data collection and statistical analyses:
The eggs were identified and labeled by pasting a masking tape with appropriate identification tag around the sharp end of the egg. Egg weight was measured using a 0.0g sensitive digital scale. This is done by gently placing the egg on the flat surface of the scale ensuring that the scale is set to 0.0g before measurement. Egg length and egg width of the egg w ere measured with electronic digital Vernier caliper sensitive to 0.00mm. Shape Index is estimated using Panda (1996) formula;
Shape Index = [egg width / egg length] × 100
All statistical analyses were done using S-Plus (2001) statistical software. Descriptive statistics and basic exploratory analyses were done using the summary statistics sub-routine of 
Results
Egg weight: The mean egg weight for the combined ages in this study is 55.99±0.11g ( 
Relationship amongst correlates studied:
Correlation amongst the four variables studied, are presented in Table 3 . Egg weight had a high positive correlation with egg length and egg width and very low negative correlation with shape index. This implies that relationship between egg width and egg weight i s stronger than association between egg length and egg weight.
Discussion
Egg Weight: Age group A recorded the least mean egg weight while Age group D had the maximum mean egg weight. There was a consistent increase in egg weight with increasing age of hen before it peaked at age group D, thereafter there was a decline in the egg weight at age group E. With the exception of age group A that was statistically different from the other four age groups, there was no statistical difference (p>0.05) in the mean egg weight of age groups B and C and similarly, there was no significant difference (p>0.05) in the mean egg weight of age groups D and E ( Monira et al. (2003) who also worked on White Leghorn reported a mean egg weight of 58.38g which was 2.39 percent higher than the mean egg weight observed for this age group in the Harco black strain in this study. This variation may be attributed to the different breeds of laying hen, different nutrition plan and the total number of the population sampled (Choprakarn et al., 1998 ).
Egg Length:
There was consistent increase in egg length across the ages from group A to group E. The highest mean egg length was recorded in age group E, while the least egg length was recorded in age group A. The consistent increase in mean egg length with age of laying hen observed in this study agrees with reports of Anderson et al. (2004) and Gunlu et al. (2003) . The mean egg length of age group E is 6.21% higher than that of age group A. The mean egg length obtained in this study is in coherence with the 56.20mm obtained by Monira et al. (2003) who worked on White Rock breed of layers but a variation of 2.90mm was observed by Monira et al. (2003) who also studied White Leghorn breed, where he reported a mean egg length o f 59.10mm. This variation could be as a result of the differences in the breeds studied. Choprakarn et al. (1998) who carried out study on Thai indigenous pullets of similar age as the age group A, obtained a mean egg length of 54.00mm which is close to the value obtained in this study.
Egg width:
There is striking similarity in the distribution of e gg weight and egg length suggesting an initial relationship between the two variables. The egg width steadily increases from age group A to group D before it declines at age group E, albeit not statistically different (P>0.05). Egg width increases with increasing age of hen and it peaked at about a year old before it declines. This may be due to the fact that, during the process of egg formation, as the content of the egg travels down the oviduct it becomes encased by the shell and forced out .01 *** = P< 0.001, ** = P< 0.01; * = P <0.05 through the vent. In pullets, the oviduct tends to be narrower such that only a small width of shell can be forced along with the egg content thereby resulting in slimmer egg width. Subsequently, as the hen grows older, the oviduct becomes wider allowing a larger width and consequently, the egg width increases with age. Decrease at later ages of the hen may be due to the decreased calcium deposition for egg shell by the aging hen. The mean egg width obtained in this study is similar to the 43.61mm obtained by Anderson et al. (2004) who worked on the single comb White Leghorn of similar age and also close to the 41.00mm obtained by Choprakarn, et al. (1998) who worked on Thai indigenous hens.
Shape index:
The consistent decrease in shape index with increasing hen age (Table 2) revealed that the shape index of the eggs decreased with age because shape index is directly proportional to egg width and it is inversely related to egg length, which implies that with increasing age, the rate at which eggs becomes longer is faster than rate of being wider. This observation is in agreement with the studies of Brand, et al. (2004); Choprakarn et al. (1998) and Gunlu et al. (2003) . The combined mean shape index obtained in this study is similar to the 75.60% reported by Hasnath (2005) who worked on Fayoumi hens and also close to the 75.08% observed by Brand et al. (2004) who worked on Isa Waren Layers. However, it is 1.43% higher than the mean shape index of 74.10% observed by Monira et al. (2003) who worked on White Rock Layers.
Relationship amongst correlates studied:
The relationship between egg length and egg width was moderately positive, while there was an inverse association between egg length and shape index. The reason that may be advanced for this negative relationship is the fact that egg length is the denominating factor in estimating shape index according to Panda (1996) and Gunlu et al. (2003) . This observation agrees with reports of Choprakarn et al. (1998) . Egg width shows positive correlation with shape index albeit low, this is because shape index in directly related to egg width, and this result is similarly observed by Ozcelik (2002) ; Kul and Seker (2004) . The reason for this could be as a result of the denser part of the egg (yolk) occupying the width area, which translates to heavier weight for the egg. This observation agrees with reports of Choprakarn et al. (1998); Farooq et al. (2001) and Kul and Seker (2004) .
Regression analysis:
The regression of egg length, egg width and shape index on egg weight was highly significant (P<0.01). This observation is in agreement with Choprakarn et al. (1998) who reported that egg weight was positively regressed (P<0.01) to egg width and egg length, however, he reported that regression of shape index was not significant. The model describing egg weight in this study is given as; where L, W and S are respectively the Length, Width and Shape Index of the egg.
Factors affecting egg weight:
This analysis of variance (ANOVA) entails the inclusion of age group as a fixed factor and the correlates studied as covariates on egg weight. With the exception of Shape Index which was significant at 5%, all other factors studied were highly significant (P<0.001). Egg length was the largest source of variation in this study, followed by age group and egg width ( Table  4 ). The significant effects of age group revealed in this study have been extensively reported by several researchers who had worked on different breeds of chicken (Coutts and Wilson, 1990; Monira et al., 2003 and Gerber, 2006) . The most significant factor affecting egg weight in this study is egg length (P<0.001) and the statistical difference in the means is as presented in Table 2 . This observation confirms the reports of Monira et al. (2003) and Anderson et al. (2004) . The significant effect of egg width is as reflected in the mean separation across the various age groups (Table  2) , and this may be due to the fact that the denser part of the egg is located around the wide area of the egg, thereby positively contributing to the total weight of the egg. This corroborates the initial observation of the regression of egg width on egg weight. Though significant, shape index had the least effect and is the least contributor to the sources of variation studied. This may be because shape index is a function of egg length and egg width rather than egg weight. Expectedly, the interaction of egg length and egg width exerted highly significant effect on the weight of the eggs. This is because both factors determine the volume and holding capacity of the egg and consequently the weight of the egg.
Conclusion:
Based on the results obtained in this study, the following conclusions can be drawn on the relationship between egg dimensions and egg weight;
As the age of the laying hen increases, egg weight, egg Gerber, N., 2006. Factors affecting egg quaslity in the length and egg width increase, while shape index decreases with age of laying hen. Egg length and egg width had a high positive correlation with egg weight, and in the regression analysis, egg length and egg width had a high significance on egg weight (P<0.001) but shape index was only significant at 5 percent. Age group, egg length, egg width, egg length x egg width interaction were highly significant on egg weight (P<0.001) while shape index exhibited significance at 5 percent on egg weight.
